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High-Tc superconducting oxides have layered Perovskite crystal structures. Among
these, in highly anisotropic Bi2Sr2CaCu208+&#61700;, “ superconducting” Cu02 double layers are
interleaved with “ insulating” Sr0-Bi0O-BiO-SrO layers. Such an alternating layered structure was found
to exhibit a “ Josephson effect” . Namely, a device structure is naturally embedded in the crystals. The
number of Josephson junctions in a crystal having a thickness of 1 ym is as much as 650, which can never
be realized by a thin film fabrication technique.

Furthermore, the energg gap of a high-Tc superconductor is one order larger than that of a conventional
metal superconductor (Nb), which results in the generation of a one order higher frequency microwave
becoming possible, i. e. from 1 THz to 10 THz from the enormous number of junctions in the array. Thus,
one can expect a powerful THz generation from a Bi2Sr2CaCu208+d single crystal.



B X C—19, F—19. Z2—19 (GtH)

1. WFZEBIE Y DY =

A AR EIEAEARIT 1988 A2 M4
FEREBIIC BV TIE L S L, 1992 4R (ICIT AT
MNAACEE Y a7 Y o RORBE RS
Nize BRI RSO RS RS 1A AR
BREOT VA ZRLTNDZ Enb, HE
FILCoD THz FIRHET7BHFITHIRE D o
77 b —L 3 M NSO DOBE =V
F— N2fZ1272 5 Z Enifr sz, A6,
1 #A TS InW Th->Th, 1000 #4
TiE 1mW 235 5h, THz YelR & LTI
oz LIS D, T 1000 AN
EE 1.5um OFEIIHNEINTWLIDOTH
)

WoR . BRICEEAITEATICEIIN E -
WX VIR END “Cat 7V U HRDOFER
THT #RHAT L HEMERS, Va
TV UBEBESERICE Y e —1 Y )
T CHEA TN & BRI L L O E T
B (R 7va—) T2BBOWIENEANR
STy AT A X« AT ZEH - BeERE -
Wbs LA DT AE - REFEL ZRXT AL
— & L TCERNEZFOIHENED v,
2 G Tl. 0.5-1THz @ FISKE L5 % IE 28]
M3+ 5IcE-~7-, (APL 89, 252506 (2006))
72 ~® THz NSRRI - 2 K E 7 v =
VRBFEEFTDOE R A S OBELFET HRER L
o=, Y GIEZFOEKRAY (4 G DS
R By 7 L ARTHEASHIOEREIL 104~105
fi5) - P uaRESIETo THz R T .
(D@L T AFKMEORA, QEFER N —
OFE (KR L — Y —BMEEEIg2) 12k b
FIEHREORE., REZOSBFORELZH -
Tx7-, (PRL102,017006,(2009), PRL 105,
057002, (2010))

FIRA N =X LN, Ry a7V Rk
EX Y ET 4 BN -HT LG THD L
IERLEW W, UL, 2O S
TR, PakT7 vV« 77 X2l &
., FN) THz EREE R 7 LT3
O, BICHEBETOBBIERR B 7 &
TWHDNEI LT HLEND S, §iE
DA, NEOEAY a7 Y U H#EEYIAE
ETAHNEOEAFE—F (PakrVy 7
FA<=DFE—FR) ON., n=1 HFHOEEESMN
b —L YV FRE—RER B LTS
Z T A,

2. WHEOHEM
EEFREEE o FEBICHT T, EENE -
RIS 5B M - RS DT OBEIC b “HE “%
T D EDTE DT NA ADEEFEDBLERD
METH D, EATARERBEEARD XS
ASARY Yy p o S ey = VN /L= R Gl O oL 1
EFOLONRT a7 Y AL L TEX,
AT a7 Y U#EA LRI TS, K1
D LA EROFEEYE L 1.5nm TOIF
HEXFREE © > T 3T L TV DH 2
EMD | A OBEERT A AMEMTH D,

FRTOBAE IR S 5 BB

BIGET A ANV a it L TENREN
2 HT O M & IR B M A R R
ZEEEZL, BHMARRA Y arT
7 )a—EMTH D,

AREHETIE, HAEY a7 Y VA
BIT5 “@EEE” 77~y (THz) 3iES
HOERZEEIT D, FFICY G 23R LR 72
I aAT > CTE AT TIH T 548
DOFHEBRE Xy BT 4 (FLB5) 55
“FISKE 1£15” (PRB 72, 140504R (2005))
I E 2 T, BIEFEBRIC Y v i ¢ THz 251
BHEABR S TWD 30-100pm ¥+ BT
S YA XOBEEARY v 7 AWV TEEREAT
), BRETRLE—F ¥ v TN, =47
AR T UM E W EIRBEEA T, ¥y
v TNTEK T 2 JE AR & —AHrm W2 THz
WA TS Z & DBBRISETRI HEA~DIREI
K ONGEEESNTEY ., EFE & Lo
THz XIENHL I N TV D,

WG TR, vak T v

RO 7o —@HERN, iR b s
n=1l OV a7V« T XONFEHEE X
0. 12 MRV £ T LoVl S 9, ek
T R RVREBICER T2 6B, n=1 O
ab—L Yy FRREEIZEI I N TN EE
z2 C&7-, (PRB72, 174514, (2005)) L~ L .
JEEATRESS T Ch A T OSERIIR I ANE ickt
SINDEMIEOWELE X v BT 1 &% FHEMIC
B Aid 2 &, BISH T OB/ SR
VBT ENT THz EABE LTWDZ &
DINFEHSEIIE, A= XA EFHRETHD
Lz b,
AT 2 WD 2 & T RO IR
ks ar —LyARWICH E LT,
X v EsRE - SRR O THz B 035 5 v,
SN TR E ARt & 22 B,

3. WFED ik

JEIRER (LW EHR B RE R Bi2212 HfSAMIC
AYINT A LT THz JLnBsaE 2 3 7= 8 7= [
HFrakwrz v HEEAZ vy 7 2R IEL, BB
E< 73y b OREREHRSEE X 7 T4
FAK Mk, BIR—EEREORE -
WESTRIE « BER & BEA O 7203 8 BEAR AT 2 5
i, BIENAA T AL BEBIEREICHE S
Ry a7V U REEEA Y v 7 DI
W~ EE 52 LT THz s o4& %
RTDH, &I, THe BN E 7 T4 F R
2y b (BEfFEE . 2 7Y v M~ 7
v NEPSED & THz MEERRE - ok AT
L (BEfFEEE) EREON BIEATRGS Ficki 5
THz s D58 % b3 2 &= 5, [A
BRICA iz i, Kvaev—1v o bl
FOEMERS,

4. WFERRE:

F b IR B8 AR, IR e T A A
FEmEEERE T H, TOHF TG
Bi,S1:CaCus0sea i, 2 KD Culq D B 72 2 B AR
HERIZ . Sr0-Bi0-Bi0-Sr0 @ 4 JF 7-J@hs 5 73



LEENEEE Y, Vakw TV FETFLELT
BIET 5, fidmO c iz mizizZHmoy atk
T UNEENT LA B LTINS, S HIC
FENR ARG IR O @O AR S BRI 2 R L
T, BIGETZRXLX— - v v 7N 1HRE
W2 Enh, Ry atv 7Y UEEKO ER
2, ARADT1 THz (2% LT, 10 THz ~ &4k
MWoTWND, ZHUOLNAHES L TRIES Y
T, 0.3 1THz JERELREI O 7= 72 e A& 3
95, EERIZHVD BisSrCaCus0sq HAE I,
PR R ENEIC LV mm SR ORE G DMER S
NAEN, EEIITTF A 7 IROLHER E -
TW5, A 7 OfEEY A X, ZZTIHE
F B REGR T D 72 01T, mdlEE OB 2 A T
BIGHEKE (4mm,/ H) ¥ 25 Z & C, [HfE 5mm
- JEEE 100pm O, LrbREEXMkE &
F W OKREICEP) LT THz R
K%wto

KECBITAY =—L - HATHIOAKE
WX DEEBEEZIT T, HRTIEANY UV ADFHE
WHRO-E LT, £2 T, GM mEEs Hu
t%%uméﬂ@ﬁzét . g R D

THz ikt « 5 emoiritm &2 5= 1 oik et - #BE
L7,

R R D E B2 S BRER D
HIMMNC& 720728 \%%&®ﬁmwﬁ$%

#RIZ L D THz R T, FEIRTREL - FEHRARIE D
IJU:% H :|J:El LC, J:;E Bi,SrsCaCus0siq ﬁ%ﬁaﬁ
BV a7V BERIRZEFOLRBIZE D,

JE % ¥k T A8 pE Ik 03. ~ 1. 05THz , Fx /MR IE
6. 3MHz % Foék L C.ERb~DEMH &2 o) 7=,
5. FlpREiRLE

(WFFeEFRFE . WFgE s K OSBRI 9E 12
=Y

[ﬁﬁwu uh‘ﬁjC] (%1' 17 ﬁ:)

@ ﬂ%%ﬁ FHERE BE a7 Y 8
B X BT T~V IESS, IS
84 & 438-443, 2015. &t hH

@ Rudau, F; Tsujimoto, M; Gross, B; Judd, TE;
Wieland, R; Goldobin, E; Kinev, N; Yuan, J;
Huang, Y; Ji, M; Zhou, XJ; An, DY; Ishii, A,
Mints, RG; Wu, PH; Hatano, T; Wang, HB;
Koshelets, VP; Koelle, D; Kleiner, R,
Thermal and electromagnetic properties of

Bi2Sr2CaCuz0s intrinsic ~ Josephson
junction stacks studied via one-
dimensional coupled sine-Gordon

equations, Phys. Rev. B 91, 2015, 104513,
At
DOI: 10.1103/PhysRevB.91.104513

@ Zhou, XJ; Yuan, J; Wu, H; Gao, ZS; Ji, M; An,

DY; Huang, Y; Rudau, F; Wieland, R; Gross,
B; Kinev, N; Li, J; Ishii, A; Hatano, T;
Koshelets, VP; Koelle, D; Kleiner, R; Wang,
HB; Wu, PH, Tuning the Terahertz

Emission Power of an Intrinsic Josephson-
Junction Stack with a Focused Laser Beam,
PHYSICAL REVIEW APPLIED 3, 2015,
044012 A Fi A

DOI: 10.1103/PhysRevApplied.3.044012

Gross, B; Rudau, F; Kinev, N; Tsujimoto, M;
Yuan, J; Huang, Y; Ji, M; Zhou, XJ; An, DY;
Ishii, A; Wu, PH; Hatano, T; Koelle, D; Wang,
HB; Koshelets, VP; Kleiner, R,
Electrothermal behavior and terahertz
emission properties of a planar array of
two Biz2Sr.CaCuz0s-+4 intrinsic Josephson
junction stacks, Supercond. Sci. Technol.,
28, 2015, 055004 757y

DOI: 10.1088/0953-2048/28/5/055004

Wang, P; He, M; Wu, H; Ji, M; Zhou, XJ;
Zhao, XJ; Hatano, T; Wang, HB, Terahertz

Waves Emission From Two
Bi2Sr.CaCu20s Mesas in Series, |IEEE
TRANSACTIONS ON TERAHERTZ

SCIENCE AND TECHNOLOGY, 5, 2015,
SI 512-517 & #e 4
DOI: 10.1109/TTHZ.2015.2402571

Ji, M; Yuan, J; Gross, B; Rudau, F ; An, DY;
Li, MY; Zhou, XJ; Huang, Y; Sun, HC; Zhu,
Q; Li, J; Kinev, N; Hatano, T; Koshelets, VP;
Koelle, D; Kleiner, R; Xu, WW; Jin, BB;
Wang, HB; Wu, PH, Bi2Sr2CaCu20s
intrinsic Josephson junction stacks with
improved cooling: Coherent emission
above 1 THz, APPLIED PHYSICS
LETTERS 105, 2014, 122602-1-4 5t
DOI: 10.1063/1.4896684

Jun Li, Jie YUAN, JI Min, Gufei Zhang, Jun-
Yi Ge, FENG Hai, Yahua YUAN, T. Hatano,
Wei Hu, Kui Jin, Tobias Schwarz, Reinhold
Kleiner, Dieter Koelle, K. Yamaura, H. B.

Wang, Pei-Heng Wu, E. Takayama-
Muromachi, Johan Vanacken, Victor V.

Moshchalkov, Impurity effects on the
normal-state transport properties of
BaosKosFe2As2 superconductors,
PHYSICAL REVIEW B, 90, 2, 024512-1-
024512-8,(2014) ¥t

DOI: 10.1103/PhysRevB.90.024512

Li, J; Yuan, J; Ge, JY; Ji, M; Feng, HL; Yuan,
YH; Hatano, T; Vanacken, J; Yamaura, K;
Wang, HB; Takayama-Muromachi, E;
Moshchalkov, VV, Depairing current
density of BaosKosFe1.95C00.05AS2
microbridges with nanoscale thickness,
PHYSICA C 503, 2014, 101-104 #&iH
DOI: 10.1016/j.physc.2014.03.033

J. Ge, J. Gutierrez, Jun Li, J. Yuan, H. B.



Wang, K. Yamaura, E. Takayama-Muromachi,
V. V. Moshchalkov,Dependence of the flux-
creep activation energy on current density
and magnetic field for a Caio(PtsAss)[(Fe:-
x«Ptx)-Asz]s  single crystal, APPLIED
PHYSICS LETTERS, 104, 11, 112603-1-
112603-5, (2014) # ¢

DOI: 10.1063/1.4868871

D. Y. An, J. Yuan, N. KINEV, M. Y. Li, Y.
HUANG , J. Min, H. ZHANG, Z. L. Sun, L.
Ang, B. B.JIN, J. CHEN, J. Li, B. GROSS, A.
Ishii, T. Hatano, V. Koshelets, D. KOELLE,
R. KLEINER, H. B. Wang, W. W. XU, P. H.
WU, Terahertz emission and detection
both based on high-Tc superconductors:
Towards an integrated receiver, Appl. Phys.
Lett., 102, 092601, 092601-1-092601-4,
(2013) ##HE

DOI: 10.1063/1.4794072

B. GROSS, J. YUAN, D. Y. An,M-Y. Li, N.
KINEV, X. ZHOU, J. Min, Y. HUANG, T.
Hatano, R. G. MINT, V. Koshelets, P. H. WU,
H. B. Wang, D. KOELLE, R. Kleiner,
Modeling the linewidth dependence of
coherent terahertz emission from intrinsic
Josephson junction stacks in the hot-spot
regime, Phys. Rev. B,88,014524-1-014524-9,
(2013) ##HE

DOI: 10.1103/PhysRevB.88.014524

Sirakant Saini, H. B. Wang, T. Hatano,
S.-J. Kim, An Approach to Use a Raw
Single Crystal Whisker as Intrinsic
Josephson Junctions Stacks, JOURNAL OF
SUPERCONDUCTIVITY AND NOVEL
MAGNETISM, 26, 8, 2709-2712,(2013) %
G

DOI: 10.1007/s10948-012-2078-z

Li, J; Yuan, J; Yuan, YH; Ge, JY; Li, MY,
Feng, HL; Pereira, PJ; Ishii, A; Hatano, T;
Silhanek, AV; Chibotaru, LF; Vanacken, J;
Yamaura, K; Wang, HB; Takayama-
Muromachi, E; Moshchalkov, VV, Direct
observation of the depairing current
density in single-crystalline BaosKosFe2As:
microbridge with nanoscale thickness,
Appl. Phys. Lett., 103, 2013, 062603 ¢
DOI: 10.1063/1.4818127

J. Li, J. Yuan, D. M.Tang, S. B. Zhang, M. Y.
Li, Y. F. Guo, Y. Tsujimoto,_T. Hatano, S.
Arisawa, D. Golberg, H. B. Wang, K.
Yamaura, E. Takayama-Muromachi,
"Growth of single-crystal
Cauo(PtsAss)(FersPto2As2)s  nanowhiskers
with superconductivity up to 33 K", J.
American Chemical Society 134, 4068-4071

@D Huabing Wang,

(2012). A #t
DOI: 10.1021/ja212067g

@ J.Yuan, M.Y. Li, J. Li, B. Gross, A. Ishii, K.

Yamaura, T. Hatano, K. Hirata, E. Takayama-
Muromachi, P. H. Wu, D. Koelle, R. Kleiner
and H. B. Wang, "Terahertz emission from
Bi2Sr2CaCuz0s intrinsic ~ Josephson
junction stacks with all-superconducting
electrodes”,  Supercond. Sci. Tech. 25,
075015 (2012). ##t

DOI: 10.1088/0953-2048/25/7/075015

M. Y. Li, J. Yuan, N. Kinev, J. Li, B. Gross, S.

Guénon, A. Ishii, K. Hirata, T. Hatano, D.
Koelle, R. Kleiner, V. P. Koshelets, H. B.
Wang, and P. H. Wu, "Linewidth
dependence of coherent terahertz emission
from BizSr.CaCu20s intrinsic Josephson
junction stacks in the hot-spot regime",
Phys. Rev. B 86, 060505 (2012). #r#tf
DOI: 10.1103/PhysRevB.86.060505

@ B. Gross, S. Guenon, J. Yuan, M. Y. Li, J. Li,

A. Ishii, R. G. Mints, T. Hatano, P. H. Wu, D.
Koelle, H. B. Wang, and R. Kleiner, "Hot-
spot formation in stacks of intrinsic
Josephson junctions in Bi2Sr.CaCu20s",
Phys. Rev. B 86, 094524 (2012). #t#t

DOI: 10.1103/PhysRevB.86.094524

(Fa%R) Gt 2810)

et al., Terahertz
Radiation above 1 THz from Intrinsic
Josephson Junction Arrays / Terahertz
Radiation above 1 THz from Intrinsic
Josephson Junction Arrays, THz-
PLASMAZ2014, Nov. 30-Dec. 3, 2014,
Kyoto

@ Xianjing Zhou, Huabing Wang, et al.,

Manipulating Terahertz Emission of
Intrinsic Josephson Junctions with a
Focused Laser Spot / Manipulating
Terahertz Emission of Intrinsic
Josephson Junctions with a Focused
Laser Spot, THz-PLASMAZ2014, Now.
30-Dec. 3, 2014, Kyoto

® Huabing Wang, et al., Some effect on

improving performance and
understanding mechanism of THz
emission in intrinsic Jsephsn junctions,
THz-PLASMA2014, Nov. 30-Dec. 3,
2014,Kyoto

@ Huabing Wang, et al., “Continuous

Wave Coherent Terahertz Radiation
above 1 THz from Josephson Junction



Arrays”, IRMMW-THz Conference
2014, Sept 14-19, 2014, Tucson USA..

Huabing Wang, et al.,, “CW terahertz
emission above 1 THz from high Tc
superconductors”, ASC 2014 , Aug. 10-
17, 2014 , Charlotte, USA.

Huabing Wang, et al., “THz emitters
and detectors both fabricated from high
Te  superconductors: Towards an
integrated receiver”, ASC Aug. 10-17,
2014 , Charlotte, USA.

PLE%, FHELR, BREYakw7»
T TNV REER A, BrET L7 b e
=7 R 146 FES 90 [RIAFES,
2014.4.16. FHX (GBAFREE)

P, FHERL BREYa w7 Y #
BN DT T~V R, B AR S
% 68 [4ER KE:, 2013.9.23. S

T. Hatano, et al., Phenomenological aspects
on THz emission from the intrinsic Josephson
junctions, European Society of Applied
Superconductivity, Sept. 15-19, 2013 Genova,
Italy

Huabing Wang, et al., “Towards
Practical ~ Applications of THz
Josephson Oscillator with Sub -mW
Power and 500 GHz Frequency
Tunabikity”, IRMMW-THz Conference
Sept. 14-19, 2013, Mainz Germany .

T. Hatano, et al., Coherent and Powerful
Terahertz Radiation from Intrinsic Josephson
Junctions in the Hotspot Region, 2nd
Workshop on THz Radiation from Intrinsic
Josephson Junctions, Aug. 30, 2013 Tsukuba

T. Hatano, et al., Single junction fabrication
in intrinsic Josephson junctions by in-situ ion
milling near T¢, 2012 ASC conference, Oct.
7-12, 2012, Portland

PEWE, ., BEYa kw7 Y U HEED
KA A Y 7T, 2012 4 2=
B 73 IS MBS RN EE S

2012.9.11-14. fa (L

Huabing Wang, et al., “Terahertz
emission in intrinsic Josephson
junctions-recent progress”,

PLASMA2012, Jun 10-14 2012, Izmir,
Turkey.

T. Hatano, et al., Current induced lock-in
phenomena in Y-123 and Bi-2212 1JJs under

layer parallel magnetic field, PLASMA2012
Jun 10-14 2012, Izmir, Turkey.

fl, 13 4
(ME) Gt ofh)

(PEZE R EEAE)
OigiRdL Gt o)

PAy TN
FEHE
HEFIZ -
fiE

FiSNe
HFEEA R -
ERNF DRI

Offsikdt Gt 0fF)

AR
LR
HEFIZ -
T -

HH o
HEEFH B -
BASHEAH H
ENA DR -

(Zofth) #4721
B BR— U

6. AFFERERR
() B Rz
P2 % (Hatano Takeshi)
MNTATEOEN W8 - MOEHFTERERE BAR
Y=y b TN—T Y —H—
Wge#E %5 - 50354337

(2) WHFEsr a3
F #It (Wang Huabing)
MNATBAEN  WE - MR e s
Btk = ~ FHEE
B FS . 10421427

(3) HHEMFEE 7oL



